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ABSTRACT  
 
This paper reports an empirical study on measuring transit service reliability using the data from a Web-based 
passenger survey on a major transit corridor in Brisbane, Australia. After an introduction of transit service 
reliability measures, the paper presents the results from the case study including study area, data collection, and 
reliability measures obtained. This includes data exploration of boarding/arrival lateness, in-vehicle time 
variation, waiting time variation, and headway adherence. Impacts of peak-period effects and separate operation 
on service reliability are examined. Relationships between transit service characteristics and passenger waiting 
time are also discussed. A summary of key findings and an agenda of future research are offered in conclusions. 
 
KEY WORDS 
 
Public transit, quality of service, reliability measurement, passenger waiting time, Web-based survey. 
 
INTRODUCTION  
 
Transit service reliability can be defined as the invariability of service attributes that influence the decisions of 
travellers and transit providers (Abkowitz and Tozzi 1987). Service reliability is a major concern shared by both 
transit users and operators. Unreliable service affects passengers in terms of longer waiting time, higher travel 
uncertainty, and a general dissatisfaction with the transit system. That can result in losses in ridership and 
revenue. Reliability problems also cause operators to employ additional vehicles to meet capacity constraints and 
thus increase operating costs. Thus, managing transit service reliability is a topic of significance and has 
motivated a great number of research activities since the 1960s.  
 
Brisbane, the capital of the State of Queensland, Australia, has a radial public transit network sprawling into 
surrounding suburbs with the Central Business District (CBD) as its hub. Public transit in Brisbane consists of 
various systems including on-street bus, busway (i.e., a grade separate Bus Rapid Transit system which has been 
operating since 2001), ferry on the Brisbane River, and suburban heavy rail. As an emerging international city, 
Brisbane has been experiencing a rapid increase in demand for transit in recent years and has taken developing 
public transport as an essential strategy for sustainable urban development. As many development and 
redevelopment projects are planned and delivered, it is important to take the issues of managing transit service 
reliability into consideration. This paper presents an empirical study, which focuses on monitoring transit service 
reliability using data from a Web-based passenger survey conducted at an artery transit corridor of Brisbane. A 
series of reliability measures are obtained and discussed. The findings are expected to provide useful information 
for transit development in Brisbane and cities with similar characteristics. 
 
The rest of this paper is structured as follows. It starts with an introduction of transit service reliability measures. 
This is followed by the results from the survey including case study area, data collection, and reliability 
measures obtained. Then, further analyses and discussions are presented on two issues:  impacts of system 
feature and time of day on transit service reliability; and, relations between transit service characteristics and 
passenger waiting time. This paper concludes with a summary of key findings and an agenda of future research.  
 
MEASURES OF TRANSIT SERVICE RELIABILITY 
 
It is necessary to describe reliability in a quantitative manner. Reliability can be described as the amount of 
consistency associated with any operational performance attribute. Transit service attributes that vary by time or 
space may be distributed. Therefore, the statistical characteristics of the distributions form the basis for 
 
 
constructing measures of reliability. Measures such as average value and variance, coefficient of variation, and 
percentage of observations for a value greater than the mean can represent an attribute’s distribution. Traditional 
transit reliability measures include number of vehicles taking x minutes longer than scheduled, percentage of 
vehicles that depart from x minute early to y minutes late, average waiting time of passengers, excess waiting 
time of passengers, the difference between the actual average waiting time and the calculated waiting time, and 
the like. Ceder (2007) gives a comprehensive review of measures of transit service reliability. 
 
Two commonly used measures of transit service reliability nowadays are on-time performance and the regularity 
of headways between successive transit vehicles (Kittelson & Associates et al. 2003). Both measures refer to the 
level of success of the transit service remaining on the published schedule. On-time performance is measured at 
locations of interest to passengers. Departures should be measured where passengers are mostly boarding, and 
early departures should not be considered on-time in those locations. Arrivals should be measured where 
passengers are mostly disembarking, but early arrivals may be considered on-time at the end of a route or at 
other locations where passengers are only disembarking.  
 
On-time performance measurement can be applied to any transit service operating with a published timetable, 
but is particularly applicable to services operating with headways longer than 10 minutes.  For transit service 
operating at shorter headways, the evenness of headways between successive vehicles becomes more important 
to measure, as vehicle bunching leads to a variety of operating and quality of service problems. The transit-
vehicle headway irregularity can be characterized by the coefficient of variation of headways distribution (C), 
which is defined as the ratio of the headway standard deviation to the headway mean. Thus, its square is 
 
ܥଶ ൌ ௏௔௥ு
ாమሺுሻ
                                                                              (1) 
 
where E(H) and VarH are, respectively, the mean and variance of the time headway H between vehicles. C2 
ranges between 0 and 1, where C2 = 0 corresponds to perfectly regular vehicle arrivals and C2 = 1 to the 
completely random case. As shown in Table 1, the coefficient of variation of headways can be related to the 
probability P that a given transit vehicle’s absolute headway deviation Hi will be off-headway by more than one-
half the average scheduled headway E(H), with level of service (LOS) defined according to certain range of C. 
 
Table 1 Headway adherence LOS (TRB 2003) 
LOS C P[Hi >0.5E(H)] Comments 
A 0.00-0.21          ≤1% Service provided like clockwork 
B 0.22-0.30  ≤10% Vehicles slightly off headway 
C 0.31-0.39  ≤20% Vehicles often off headway 
D 0.40-0.52  ≤33% Irregular headways, with some bunching 
E 0.53-0.74   ≤50% Frequent bunching 
F ≥0.75   >50% Most vehicles bunched 
 
Holroyd and Scraggs (1966) suggested that VarH may be expected to approach E2(H) for small value of E(H) 
and tend to a constant as E(H) becomes very large. They proposed a relation of the form:  
 
ܸܽݎܪ ൌ ஺ா
మሺுሻ
஺ାாమሺுሻ
                                                                      (2) 
 
where A is a constant between 0 and infinity. A = 0 corresponds to the deterministic headway case (C2=0). A→∞ 
corresponds to the completely random case (C2=1).  
 
RESULTS FROM CASE STUDY  
 
Case Study Area  
 
The study area is a transit corridor linking Brisbane CBD and The University of Queensland (UQ). UQ is located 
in the Brisbane suburb of St. Lucia and is currently the second largest trip generator in the region after the CBD. 
This transit corridor consists of a variety of transit systems including on-street bus (route 412), busway (route 
109), and fast linear ferry (CityCat) on the Brisbane River. All of the transit services operate according to 
published timetables with different frequency LOS and travel times for peak and off-peak periods (see Table 2). 
This transit corridor is extremely busy due to the hub-and-spoke nature of Brisbane’s transit network, such that 
 
 
many UQ attendees must travel from their suburb origins to the CBD, and there interchange with a different 
transit service to reach UQ. Thus, the service reliability is a big concern to both transit users and operators. 
 
Table 2 Service frequency LOS of transit services of Brisbane CBD-UQ corridor  
Route 
 
Off-peak  Peak 
Headway (min) LOS Travel time (min) Headway (min) LOS Travel time (min) 
109 10 B 14 5 A 22 
412 15 C 20 10 B 24 
CityCat 30 D 30 15 C 30 
  
According to Kittelson & Associates et al. (2003), at LOS A, passengers are assured that a transit vehicle will 
arrive soon after they arrive at a stop, thus they don’t need to schedule; at LOS B, service is still relatively 
frequent, but passengers will consult schedules to minimize their wait time at the transit stop. At LOS C, the wait 
involved if a service is missed becomes long. At LOS D, service requires passengers to adjust their routines to fit 
the transit service provided, which is unattractive to choice riders. 
 
Data Collection  
 
The data was collected in May 2010 for a modelling analysis of route choice behaviour of the passengers 
travelling from CBD to UQ. The population of interest was estimated to be around 1485 based on an assumption 
of a usage rate of 75% of this transit corridor capacity during a weekday morning peak. The minimum sample 
size of 223 was determined to guarantee that the market share of the three routes could be reliably estimated with 
an absolute tolerance error of 5% and a confidence level at 90%. 
 
Twenty-one questions were designed to collect a passenger’s a recent trip experience of riding transit from CBD 
to UQ. An online questionnaire was developed using a Web-based survey instrument, SurveyMonkey® 
(SurveyMonkey 2011). Emails of online survey invitation were sent to UQ students and staff. But most of the 
378 responses came after the surveyors handed out 3500 flyers of survey invitation with the online survey 
website address at UQ transit stops over four weeks (i.e., a response rate of about 10.8%). Among the 378 
responses, 303 ones are complete (i.e., a completion rate of 80.2%). Over 50% of the complete responses were 
from the passengers being of age 20 to 30 years. And the proportions were basically at balance between the two 
genders. Based on the proportion of invitations sent out and choice frequencies of the three routes found in the 
sample data, market shares were estimated as follows: 68.89% for busway 109, 22.96% for on-street bus 412, 
and 8.15% for ferry CityCat. Details of the data collection are given in a report by Liu (2009) 
 
Transit Service Reliability Measurement  
 
Times and on–board crowding 
 
Data collected from each respondent in the survey include average waiting time, lateness or earliness of boarding 
compared to published schedule, in-vehicle time, arrival lateness or earliness compared to published schedule, 
on-board crowding measured on a five-level scale, and wait buffer time which is the time between passenger’s 
arrival to wait at a stop and the departure time of his/her targeted service on schedule. Figure 1 illustrates the 
variations of those variables by a series of box-and-whisker plots. There are six boxes in each picture 
representing the data from the sub-groups of passengers of (from left to right) off-peak busway 109, off-peak bus 
412, off-peak ferry CityCat, peak busway 109 , peak bus 412, and peak ferry CityCat. 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) Average waiting time                                              (b) Boarding punctuality 
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                                  (c)  In-vehicle time                                                      (d) On-board crowding 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                (e) Arrival punctuality                                                   (f) Wait buffer time 
 
Figure 1 Variations of waiting times of three routes during off-peak and peak periods 
 
Figure 1(a) shows that all waiting times for the three routes at either peak or off-peak period varied among 
individual passengers. But most of passengers waited less than 10 minutes as all the 3rd quartiles are at around 10 
minutes, even for the off-peak ferry with a service interval of 30 minutes. Figure 1(b) tells that, first, ferry came 
punctually at both peak and off-peak periods; second, busway 109 and on-street bus 412 tends to be late, 
especially during peak periods. Figure 1(c) indicates that, among the three routes, busway 109 was fastest, 
followed by bus 412, while the route of CityCat took longer and had larger variation. As shown in Figure 1 (d), 
ferry seems to be less crowded than the buses. Figure 1 (e) suggests that all route were fairly on time arriving at 
UQ, except for on-street bus 412 at peak periods; but there are many outliers in the data as indicated by the stars 
and circles in the plot. In response to Figure 1 (a), Figure 1(f) shows that passengers basically gave a similar 
amount of wait buffer time in spite of the big differences in the headways. 
 
 Rate estimates 
 
From the survey data, some rate estimates were also obtained, such as the rate of failing to board due to 
overcrowding on board, the rate of on-time boarding as specified by published schedules, the rate of getting a 
seat, and the rate of on-time arrival at UQ as published in schedules. Approximate 95% confidence intervals 
were derived for each of those rate estimates for each transit route surveyed during peak and off-peak periods. 
Figure 2 displays the confidence intervals calculated. In each of the four stock charts of Figure 2, there are six 
High-Low lines indicating the 95% confidence interval of the proportion estimates labelled from data of 
subgroups of passengers of (from left to right) off-peak busway109, off-peak bus 412, off-peak ferry CityCat, 
peak busway 109,  peak bus 412, and peak ferry CityCat. 
 
Figure 2(a) shows that on-street bus 412 suffered more crowding at peak periods. Figure 2 (b), (c), and (d) 
indicate that, except for ferry CityCat, service reliability tends to be lower in peak periods especially for the on-
street bus 412. 
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                                (a) Boarding failure                                                            (b) On-time boarding 
 
 
 
 
 
 
 
 
 
 
 
 
 
                         (c) Seat availability                                                                     (d) On-time arrival 
 
Figure 2 Confidence intervals (95%) of proportion estimates of three routes at off-peak and peak periods 
 
On-time performance  
 
On-time performance LOS ranks are shown in Table 5. Since this on-time percentage is applicable to headways 
at 10 minutes or more, inapplicable values are underlined in that table. According to Kittelson & Associates et al. 
(2003), vehicles arriving within 0 to 5 minutes later than schedule are taken as on time; early vehicle arrivals are 
seen as on time at the terminals at UQ but early vehicle departures are counted as not on time as the boarding 
stops at CBD. 
 
Table 5 On-time percentage and schedule adherence LOS 
Route Time E(H) (min) 
Boarding/ 
arrival 
On-time 
percentage LOS 
Busway 109 
off peak 10 boarding 0.86 C arrival 0.96 A 
peak 5 boarding 0.86 C arrival 0.91 B 
Bus 412 
off peak 15 boarding 0.88 C arrival 0.96 A 
peak 10 boarding 0.78 E arrival 0.81 D 
Ferry Citycat 
off peak 30 boarding 0.88 C arrival 0.96 A 
peak 15 boarding 0.93 B arrival 0.98 A 
 
Coefficient of headway variations  
 
As shown in Table 6, LOS ranks are obtained according to relationship between C and headway adherence LOS 
given by Table 1. Coefficient of headway variations applies to headway at 10 minutes or less. Thus, the values of 
C and LOS for routes of average headways of more than 10 minutes are underlined. Peak-period headway 
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adherence LOS of busway 109 and bus 412 were E or F, which indicates a high occurrence rate of bus bunching. 
The probability of being off-headway by half of the average headway could be more than 50%.  
 
The values of A in Table 6, particularly the off-peak ones are basically in line with the findings from past studies. 
Holroyd and Scraggs (1966) found A=35 from their data collected in central London in off-peak periods. O’ 
Flaherty and Mangan (1970) analysed off-peak data from Leeds and Harrogate, and found A=15 for Leeds and 
A=20 for Harrogate. Notably, the negative A for peak-period of busway 109 at boarding stop is due to that the 
variance of average headway was reported to be more than the squared value of average headway. That also 
causes its C to be more than 1. 
 
Table 6 Coefficient of headway variations and headway adherence LOS 
Route Period E(H) (min) 
Boarding/ 
arrival VarH A C LOS 
Busway 
109 
off peak 10 boarding 13.73 15.91 0.37 C arrival 13.421 15.50 0.37 C 
peak 5 boarding 34.94 -87.85 1.18 F arrival 12.90 26.66 0.72 E 
Bus 412 
off peak 15 boarding 12.60 13.35 0.24 B arrival 13.83 14.74 0.25 B 
peak 10 boarding 58.75 142.44 0.77 F arrival 81.41 438.05 0.90 F 
Ferry 
CityCat 
off peak 30 boarding 8.49 8.57 0.10 A arrival 12.01 12.17 0.12 A 
peak 15 boarding 1.16 1.16 0.07 A arrival 3.59 3.65 0.13 A 
 
DISCUSSIONS 
 
The data explorations and reliability measurements presented above suggest two issues. First, transit service 
reliability can be related to operation separation, peak-period effects. Other analytical and empirical studies also 
found similar evidence (e.g., Adebisi 1982; Islam and Vandebona 2010; Liu and Sinha 2007). The second issue 
is about passenger waiting time. The transit routes involved in the survey have a wide range of time headway of 
service interval, from 5 minutes to half an hour. Results from the data explorations show that the assumption of 
average waiting time equalling to half headway could be wrong. This section provides some further discussions 
of these two issues. 
 
Factors Impacting Reliability  
 
Route conditions 
 
Based on the data exploration, route conditions and peak period are suspected be impact factors of transit service 
reliability. To obtain more reliable conclusions, a number of statistical tests were conducted to investigate 
potential reliability impact factors. First, route conditions can impact the service reliability of transit with on-
street, mixed-traffic operations. The volume of automobile traffic on the bus’s route can impact the transit 
vehicle’s ability to keep on schedule. The tests found that the rates of boarding failure for busway 109 and bus 
412 are statistically over 0 at 95% confidence level (p<0.05), particularly at peak periods (p<0.0001). Whereas, 
the rate of boarding failure for ferry CityCat can be taken as zero. Rates of on-time boarding of ferry at off-peak 
and peak periods are not different from 1 (p> 0.05), while the rate of other routes are significantly lower than 1 
(p<0.0001). Average board lateness of ferry at off-peak and peak periods is not different from 0 (p> 0.05), while 
other routes at off-peak and peak periods tend to come late (p<0.01). Similar findings are found for the measure 
of average arrival lateness. Rates of on-time arrival are significantly lower than 1 for all routes (p<0.05).  
 
Thus, ferry’s on-time performance is better than busway 109 and bus 412; and busway is better than bus. Run 
time indicators perform better than waiting time indicators because arrival punctuality is better than boarding 
punctuality. The potential reason could be “catch –up” behaviour of drivers after lagging behind schedule. But 
during peak periods, that is not as effective as during off-peak periods, particularly for mixed-traffic bus systems. 
 
Peak-period effects 
 
 
 
During peak periods of a day, there are more traffic and higher ridership. The high ridership can affect service 
reliability by increasing dwell times at stops or stations to let more passengers board and disembark. Boarding 
lateness of the on-street bus 412 is found significantly higher than that of off-peak period, while this is not found 
for the other two routes. For bus 412, on-board crowding at peak period is found to be significantly higher than 
that in off-peak periods. This is not true for busway 109 and ferry. The same pattern is also found in seat 
availability, boarding failure, arrival lateness, and rate of on-time arrival.  
 
Because of their operation characteristics, the peak-period effects on busway 109 and ferry CityCat mainly result 
from higher ridership during peak periods, especially for busway 109, as it takes the biggest market share of the 
study transit corridor. On-street bus may suffer from both higher ridership and more mixed traffic during peak 
periods. The higher service frequencies and/or longer peak scheduled travel times in Table 2 demonstrate transit 
operator’s recognition of the peak-period effects. However, it can be observed that on-street bus 412’s schedule 
doesn’t increase frequency or prolong travel time as much as the other two routes. The schedule of bus 412 may 
need some adjustments, such as increasing frequency and published travel time during peak-periods. 
 
Passenger Waiting Time 
 
Assumption of random passenger arrivals  
 
One interesting finding from the data is that the average waiting times for different routes at peak and off-peak 
periods are not all around their respective half headway or service interval. For long enough service intervals, 
average passenger waiting time tends to be less than half the interval. The traditional formula for average 
passenger time, depending on headway variability, is  
 
ܧሺݓሻ ൌ ாሺுሻ
ଶ
ቂ1 ൅ ௏௔௥ு
ாమሺுሻ
ቃ                                                                      (3) 
 
where E(w) is the mean waiting time; E(H) and VarH are, respectively, the mean and variance of the time 
headway H between consecutive transit vehicles. This formula was used by Osuna and Newell (1972), as well as 
by other authors. It is based on the assumption that passengers arrive at a stop randomly. The average wait, 
therefore, is longer when headways are less uniform. The assumption that waiting times are equal to one-half of 
the headway is equivalent to assuming that schedule adherence is perfect; i.e., headways are maintained perfectly.  
Typical justifications for this formula are that service is at sufficiently short headways, or is so unreliable, that 
that passengers cannot effectively reduce their expected waiting time by means of clever arrival strategies. It 
should be mentioned that when passengers are provided with information, such as timetables, their arrival is less 
random. In such a situation, when the headway is large, the mean waiting time tends to be less than half the 
headway. 10 to12 minutes has been mentioned by a number of authors (e.g., Holrod and Scraggs 1966; 
O’Flaherty and Mangan 1970; Seddon and Day 1974) as the threshold of long headway which would encourage 
passenger to arrive to wait in a planned way. 
 
Evidence from case study 
 
Figure 3 plots the observed average waiting times (Avg(w)) of the three routes surveyed at off-peak and peak 
periods as well as the theoretical waiting times (E(w)) according to Eq. 3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Comparison of observed and theoretical average waiting times  
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It can be seen from Figure 3 that, first, the theoretical average waiting times of off-peak period are very close to 
the half headway line, which can be explained by Eq.3, i.e., the small variance of the headways in the off-peak 
period. For peak period, variance of headway is bigger, thus theoretical average waiting times are deviating from 
the half headway line. Noticeably, the observed and theoretical values for peak-period are so close to each other; 
plus, the off-peak observed waiting times are also close to theoretical values, except for the one with 30 mins 
headway (off-peak ferry). All these suggest again that when headway or service interval is long enough, 
passengers tend to coordinate their arrivals to wait with schedule in order to save waiting time. As shown in 
Figure 3, the threshold value of headway is somewhere between 10 and 15 mins. 
 
The linear regressions of the observed waiting times in off-peak and peak periods are similar to finding from past 
studies. O’Flaherty and Mangan 1970 found E(w)=1.79+0.14E(H) in their evening peak data; Seddon and Day 
1974 also obtained E(w)=2.34+0.26E(H). It should be noted that the slopes of these equations are considerably 
lower than would be expected with the assumption of random passenger arrivals. 
 
CONCLUSIONS  
 
This study used the service experience data from a Web-based transit passenger survey to measure transit service 
reliability. Unlike directly measuring system performance, data from passenger survey is subject to passengers’ 
potential errors in perception, whereas the empirical analysis results obtained seem to be reasonable and as 
expected. The viability of this approach still needs to be tested by comparing with reliability measurement using 
operation monitoring or control data. The empirical results provide evidence of the impacts of route conditions 
and peak-period effects on transit service reliability as well as the implications on timetabling and operation. 
Particularly, we found more evidence of reliability’s impact on passenger waiting time. More research needs to 
be done in the areas of understanding passenger wait behaviour and modelling waiting time. 
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